Abstract-Successful implementation of s development are entirely depending upon succ and controlling mechanism on software proj Development of metrics for each element in a development will lead the software project objectives. The aim of this study is to formula Software Project Performance Monitoring consists of performance criteria and metrics t software projects development. This mode consists of five processes: metrics integration, m metrics description, metrics categorization and Generally, this model will be a guideline for pr monitor and manage software projects pa perspectives of the public sectors. This propos help the project manager to evaluate the per criteria and metrics by quantitatively. This mo organization to monitor the software proje more closely which may reduce the software In order to demonstrate the applicability currently we are validating this model by con case studies at various departments at Malays This model has significant bearing on the software projects development undertaken in countries like Malaysia.
INTRODUCTION
Monitoring and controlling sof development is a basic discipline of the proj In project management, the purpose of m ensure the software project is progressin schedule, budget and quality expectation [1] in his research on successful and failu summarized that criteria such as meet us completed on time, carried out within budg quality requirements are the major criteria n be consider for measuring the software proj PMBOK defines the time; cost and quali important features that need to be monitor project success.
The 2012 CHAOS [3] [2] , ure projects had ser requirements, get and meet the need that need to jects. Ultimately, ity are the most ring for software ect success rates, vered on time, on budget, with required feature of projects were challenged less than the required featur software projects are failed (c delivered and never used) as s many attempts [4] [5] [6] ha problem in the last few challenged and failed proje amount of succeeded proje succeed projects in the year o taken by the practitioners and amount of challenged an development. However the re
The same scenario go projects development. Administrative Modernizatio Unit (MAMPU) was conducte projects development at Mala indicated that many outsourc and failure projects [10] . In software projects are failed in example, the Health Minist contract with one of the sof company failed to develop t namely Pharmacy Enforceme and Pharmacy Management S million in expenses was not the government [11] . Softwar be monitor frequently in orde project. In the context of Ma was conducted in the year Well established monitoring methods such as Earned Value (EV) is added value on monitoring software projects by looking at project duration and cost [24] . In addition to this, there are many models for monitoring processes of software projects were introduced such as system dynamics model [7] , scenario model [8] , PERT method, Use Case Point [9] , Model-Driven, Bayesian Based and Shared Mental [25] . Eventually many studies are being conducted in the field of software projects monitoring yet there is always a room to explore to enhance the existing studies on determining a software projects success.
The existing software project monitoring literatures are merely focused on monitoring the cost and schedule elements. But, the quality element as mentioned in the PMBOK Iron Triangle Model is less explored by the scholars. Thus, one of the ways to explore this quality element is by discovering performance criteria and metrics that influence the software projects development. We believe that software projects success can be achieved by using the performance criteria and metrics which influence software projects development. Accordingly, we can make the software projects development moves towards success.
In line to this, development of Metric based Software Project Performance Monitoring Model could guide the project managers to monitor and control the performance of software projects towards success. By using this proposed model, project managers could monitor and manage the performance for each element that involved in the software projects development. Besides this, project manager also could view the performance of the each and every element in a software projects development. Consequently, this proposed model encompasses 14 identified performance criteria and 145 related metrics that can be monitored during the development of any software projects specifically outsource projects. This paper delivers insights the formulation of Metric based Software Project Performance Monitoring Model by systematically. This paper begins with the discussion by providing step by step instructions on Formulation of Metric based Software Project Performance Monitoring in the Section II. This paper ends with overall conclusion of these activities by summarizing the entire formulation process and describing what is going to happen with all these metrics after the formulation.
II. MODEL FORMULATION
The model formulation is divided into several important activities which are metrics integration, metrics validation, metrics description, metrics categorization and metrics performance threshold value. These activities produce a finalized metrics which will be significance for monitoring and controlling software projects. Figure 2 shows the activities in the formulation process.
This research begins with Systematic Literature Review (SLR) [13] . A list of performance criteria and metrics that influence the software project monitoring were identified from this SLR. This SLR study identified a number of 14 performance criteria and 114 related metrics based on 43 selected studies. This followed by the second activity which is identifying the performance criteria and metrics that influence the software project monitoring from the industrial perspectives. Here, we had conducted structured interviews with project managers from various departments at Malaysian Public Sector.
The data collection phase was conducted in two different phases. In order to triangulate the first phase data, we conducted the second phase of structured interview sessions at various departments in Malaysian Public Sector at the different time and different places. A total of 37 project managers were involved in these phases. We used purposive sampling for data collection. Additionally, we have identified project managers from all the ministries at Malaysian Public Sector. Thus, a least one experienced project manager from one ministry was involved in these data collection phases. This is to ensure that collected data are from various types and environment of software projects development at Malaysian Public Sector. Data were collected, transcribed and analysed using NVIVO 10. In this phase, we had collected 13 performance criteria and 86 related metrics. The triangulation results show that identified data having very higher similarities and enhance confidence in the ensuing the findings. We further our discussion with model formulation activities. Basically, in this phase metrics from SLR and structured interviews were gathered. These gathered metrics were mapped and integrated in deriving the final metrics using Constant Comparative technique which is core to the Grounded Theory method.
Constant Comparative is a process of constantly comparing occurrence of data that labelled in a category with other same category to see they are fit and workable or not [14] . The amount of data that collected is compared and examine by explicitly and implicitly using this constant comparison technique. Thus, each and every metrics that identified in this study went through comparison and analysis based on the Constant Comparative process.
In line with this, each metric are analyzed implicitly and explicitly by looking at the terms, meanings, logics and structures in detail [15] . Furthermore, the similarities and differences of each metric are also analyzed. These Comparisons highly considered for increasing the internal validity of the findings. Based on our study, we derived a five-step analysis procedure. Our study comprises five steps which are: 
List down final metrics
A number of 14 performance criteria and 143 metrics are derived from this integration process. These performance criteria and metrics are basically used for monitoring software project in the industry. Next, these identified metrics were validated by using experts.
b. Metrics Validation
Next, these identified metrics were validated by experts. Experts from project management field are invited to involve in this validation process. Expert judgement enables to acquire opinions from the real people in the industrial [16] . Metrics validation process involved three important issues which are metrics categorization, metrics significant and metrics valid measurement. These three important issues were derived based on the software metrics validation methodologies in software engineering that proposed by K.P Srinivasan [17] .
Experts were given 2-3 weeks' time to review and validate these identified metrics. Experts validated the identified metrics by reviewing three important criteria such as:-
• Does the metrics categorized correctly according to SLR and interviews metrics? • Does the final metrics are significant for monitoring software projects? • Does the final metrics having a valid measurement?
We established the experts' criteria in order to execute this metric validation. These criteria were established in order to have reliable metrics for monitoring the performance of software projects. Ultimately, these experts involved in software projects management. Below are the expert criteria:
• Project Managers or Project consultants at the Malaysian Public Sector • Appointed as Project Management and Software Development Experts at the Malaysian Public Sector by Public Service Department, Malaysia.
• Experiences more than 10 years in the managing software projects at the Malaysian Public Sector • Certified project management consultants at the Malaysian Public Sector
Project management experts from Public Sector of Malaysia were contacted via email and phone calls to get their commitments for validation purpose in this study. Initially, five experts were chosen based on the above determined experts criteria. Unfortunately, one of the identified experts could not able to take part in this validation process due to high commitments and workloads.
The Metric Validation Form was distributed to the experts in the introduction session. We further our work by collecting Metric Validation Form from the experts. The experts took appropriately a month to complete this form. We collected the form by softcopy (email) and hardcopy (manual form). We continue our work by analyzing the experts' comments on these metrics.
All the 143 metrics was reviewed by the experts. Experts commented on some of the metrics by of its name, measurement way and the structure. Out of these 143 metrics, one of metric is excluded from the proposed model based on the experts' reviews as described in the Table 2 shows the final identified metrics for Project Manager Performance Criteria. Next, the final identified metrics were described as mentioned in the below.
c. Metrics Description / Metrics Taxonomy
Software metrics purpose is to provide a quantitative assessment of the elements or attributes. Software metrics will be meaningful if it includes a description of how data are to be presented, interpreted and used regards software projects [18] . Thus, in this study metrics were defined based on the ISO/IEC TR 9126:2003 standards. ISO/IEC TR 9126:2003 [19] is a standard provides a complete and comprehensive report on metrics that involved in software product and process [20] . Moreover, most of wellestablished software organizations are using this standard as a reference guide in their software development processes [20] . Below are the attributes that included as a metrics description.
• The above attributes are used to formulate the metrics descriptions. Each identified metrics are scrutinized and detail it in a comprehensive way. As shown in Table 2 , each identified metrics for project manager performance criteria were reported by explaining the metric purpose, metrics method application, measurement formula, interpretation of measurement value, scale, measure type, source for the measurement and target audience. By detailing these metrics, we get a clear guide on how to use of these metrics in monitoring every software projects basically. Metrics description is very important for the project managers to understand better about metrics and what, when and how they should use these metrics.
This metrics description was reviewed by the project management experts from Malaysian Public Sector. These two experts are chosen based on their experience in handling many types of software projects at Malaysian Public Sector. They are identified as Expert A and Expert B whom are also become software project consultants for various agencies at Malaysian Public Sector. We reviewed these metrics descriptions with these two experts. In fact, one of the identified experts was also involved in the metrics validation process. This is to make sure the continuity of the metrics identification and description. This ensures the reliability of identified metrics in this study.
The first round of this review was conducted for three hours in a discussion mode. The experts reviewed and recommend some changes on these metrics as stated below:
• Target audiences
The output of the first round review was considered important because of the expert's experiences and credibility Number of project plans in managing, monitoring and producing software projects almost 20 years at Malaysian Public Sector. Then, the metrics descriptions were amended according to the first reviews and sent for the second review with same experts for the validity purpose. The experts are agreed on these metrics description without any changes in the second review. Finally, the metrics were ready with complete descriptions. Figure 3 shows the review process in a graphical form.
We continue with the next activity which is metric categorization which explained as below.
d. Metrics Categorization
The formulation activities were continued with metrics categorization. The validated metrics were categorized according to Project Management Iron Triangle model. This model has three important elements which are Cost, schedule and Quality. Figure 4 shows how these performance criteria and the related metrics were categorized.
The purpose of metrics categorization is to answer the research gap which claimed there are no commonly agreed practices of performance criteria and metrics for managing software projects in the perspectives of public sector. We believe that software project also can be monitored by not only looking at the cost and schedule but other elements under quality domain such as top management, vendor, project manager, team member, documentation, communication, training, defect, organization, user, resources, and defect. Thus, we will show how these performance criteria give significance to the software projects towards success in the multiple case studies evaluation later. We further our work with the threshold activity as explained below.
e. Setting Metrics Threshold Measurement Scale (MTMS)
Setting Metrics Threshold Measurement Scales (MTMS) is the final process in this model formulation. In this phase, we established Metrics Performance Threshold Scale for our validated metrics. This measurement scale was established for the evaluation purpose.
This MTMS was developed based on the literature [21] . There are number of papers that discussed about the threshold setting for object oriented metrics [22] and security metrics [23] . Additionally, our study adopted this threshold rating scales from the existing security metrics study that proposed by Shareeful and his co-authors [21] . The proposed scales is more suitable and meaningful for the software project metrics threshold in the context of the public sector environment.
IV CONCLUSION
This paper explained in detail the process of model formulation. It explained the entire processes that involved in this model formulation. It discussed how identified metrics are integrated and mapped using one of the core techniques in Grounded Theory which is Constant Comparison. This process followed by metrics validation by project management experts from Malaysian Public Sector. Then, these integrated metrics were described according to ISO/IEC TR 9126:2003. We continued with metrics categorizations based on PMBOK Iron Triangle Model. Finally, the Metric Threshold Measurement Scale was created.
Next, we will evaluate and validate this proposed model by conducting multiple case studies evaluation. The multiple case studies evaluation is starts with identifying threshold for each and every metrics using Metric Threshold Measurement Scale by the project managers and followed by evaluation with selected software projects at various ministries at Malaysian Pubic Sector. As a conclusion, this model will be empirically tested in the next stage in order to assess the usefulness and significance of this proposed model in the perspectives of practitioners. We also validate this model in a different project environments in this multiple case studies evaluation such as large scale outsource projects, medium scale outsource projects and small scale outsource projects. This is to examine our model suitability and flexibility in any types of software project environment at the public sector. These identified metrics will be uploaded in any of open source dashboard system in order to monitor the software projects basically.
Metrics Description
Final Metrics Description 
